During the course of our investigation on the bioactive chemical constituents from marine invertebrates, [1] [2] [3] [4] [5] [6] we have investigated a soft coral Lobophytum crassum collected from Taiwanese waters. Earlier studies of the genus Lobophytum have led to the isolation of terpenoids, of which some have shown cytotoxic, [7] [8] [9] [10] anti-HIV, 11) and antibacterial 12) activities. In this paper we report the isolation and structural elucidation of three new glycolipids 1-3 (Fig. 1 ) from this organism. The absolute configurations of 1-3 were determined by the comparison of specific optical rotations of sugar and aglycon moieties with known compounds, chemical conversions, and the application of Mosher's method. Cytotoxicity of metabolites 1-3 against the growth of a limited panel of cancer cells of HepG2, Hep3B (human liver carcinoma), MDA-MB-231 (human breast carcinoma), and Ca9-22 (human gingival carcinoma) is also discussed.
1
H-1 H COSY revealed proton-proton sequences, from H-1Ј to H-5Ј, H 2 -1 to H 2 -3, H 2 -1Љ to H 2 -2Љ, and H 2 -15Љ to H 3 -16Љ, as shown in Fig. 2 . The HMBC correlations from H-1Ј to C-5Ј and C-2, as well as other correlations illustrated in Fig. 2 , established a pyranose and a glycerol ether moiety. The pyranose was identified as b-arabinopyranose by analysis of coupling constants of the related protons (Table 1) . HR-ESI mass spectrum and the above 2D-NMR spectroscopic analysis led to the establishment of the aglycon to be chimyl alcohol.
The absolute configurations on the sugar portion and lipid aglycon were determined on the basis of methanolysis, chemical transformation and the application of the modified Mosher's method. As shown in Chart 1, methanolysis of 1 with 1 N HCl (aq) -MeOH (1 : 1) yielded the methyl arabinopyranoside and the chimyl alcohol. The glycerol-based portion was found to be 2R-chimyl alcohol, [a] D 22 Ϫ2°. 13) The sugarcontaining portion was further treated with 1 N HCl (aq) and the sugar thus obtained was shown to be (Ϫ)-D-arabinose, [a] D 22 Ϫ110°, 14) by comparison of specific optical rotation and TLC analysis with the authentic sample. The absolute configuration of chimyl alcohol (1a) was further confirmed by the calculation of the chemical shift difference of two diastereotopic protons of H 2 -1 in bis-(R)-MTPA ester (1b), which was prepared from 1a with (S)-MTPA chloride. Previous study has shown that the chemical shift difference of two diastereotopic protons of H 2 -1, resonating as two doublets of doublets, in 2S-glycerol ether was 0.26 ppm, while that in 2R-glycerol ether was 0.31 ppm. 15) In the case of 1b, the above two protons were found to resonate at d 4.73 and 4.42 (Dϭ0.31 ppm), indicating R configuration at C-2, the same as that deduced by specific optical rotation. The absolute configuration of the sugar moiety was also determined by the application of Mosher's method 16, 17) on the acetonide derivative 1e. The chemical shift differences of (S)-MTPA ester (1c) and (R)-MTPA ester (1d) were summarized in Chart 1 and indicated the S-configuration at C-2Ј; hence, the sugar moiety of 1 was deduced as D-arabinose.
(2R)-1-Hydroxy-3-octadecyloxy-propyl-b -D-arabinopyranoside (2) had the molecular formula of C 26 H 52 O 7 , 28 mass units higher than that of 1, as determined by HR-ESI-MS. The 1 H-and 13 C-NMR spectral data of 2 were found to be very similar with those of 1. Compound 2 is more strongly retained by the reverse stationary phase in ODS column than 1, implying that 2 might possess longer aliphatic chain. Inspection of 2D-NMR spectral data of 2 allowed the establishment of the same planar structure as that of 1, with the slight difference of aliphatic chain length at 3-O position. Hence, the glycerol moiety of 2 was derived from batyl alcohol. The absolute stereochemistry of 2 was suggested to be the same as that of 1 due to the biogenetic consideration as well as the Table 1 ). The attaching of acetoxy group at C-1 was confirmed by the HMBC correlation from H 2 -1 to the acetate carbonyl carbon. Therefore, 3 was identified as a C-1 acetoxy derivative of 1.
To establish the absolute configuration on C-2Ј of the sugar moiety of 3, the modified Mosher's method was applied on the acetonide derivative of 3 (Chart 2). As shown in Chart 2, the chemical conversion from 3 to 1d through methanolysis of 3b at 50°C followed by the treatment with 2,2-dimethoxypropane and then (S)-MTPA chloride in pyridine to obtain 1d demonstrated that both 1 and 3 possess the same absolute configurations at all chiral centers. The chemical shift differences of (S)-MTPA ester (3a) and (R)-MTPA ester (3b) were summarized in Chart 2 and also suggested the S-configuration at C-2Ј, the same as that of 1.
The cytotoxicity of compounds 1-3 against HepG2, Hep3B, MDA-MB-231, and Ca9-22 cancer cells was shown in Table 2 . It was found that all of 1-3 showed cytotoxic activities toward the above cancer cell lines with IC 50 's ranged from 9.2 to 15.0 mg/ml.
Experimental
General Procedure Optical rotations were measured on a Jasco P-1020 polarimeter. IR spectra were recorded on Jasco FT/IR-4100 fourier transform infrared spectrophotometer. The NMR spectra were recorded on Varian Mercury-Plus 300 FT-NMR instruments at 300 MHz for 1 H, and 75 MHz for Extraction and Isolation The soft coral L. crassum (1.1 kg fresh wt.) was collected and freeze-dried. The freeze-dried material was minced and extracted exhaustively with EtOH (3ϫ2 l). The organic extract was concentrated to an aqueous suspension and was further partitioned between EtOAc and water. The EtOAc extract (23 g) was fractionated by open column chromatography on silica gel using n-hexane-EtOAc and EtOAc-MeOH mixtures of increasing polarity. A fraction eluted with EtOAc-MeOH (4 : 1) was subjected to separation by a Sephadex LH-20 column (2ϫ90 cm) using acetone and followed by reverse phase HPLC (acetone-H 2 O, 1 : 4) to afford compounds 1-3 (24.6, 14.0, 13.2 mg, respectively).
(2R)-1-Hydroxy-3-hexadecyloxy-propyl-b -D-arabinopyranoside ( Acid Hydrolysis of 1 To a mixture of 1 (5.0 mg) and MeOH (0.3 ml) was added 0.3 ml of 1 N HCl (aq) . The reaction was carried out under refluxing for 16 h. The reaction mixture was then cooled to room temperature and extracted with n-hexane. Hexane layer was concentrated and chromatographed over silica gel using n-hexane-CH 2 Cl 2 (1 : 2) as eluent to obtain chimyl alcohol (2.5 mg, 68%), [a] D 22 Ϫ2°(cϭ0.25, CHCl 3 ). The MeOH-water layer, containing methyl arabinoside (mixture of a-and b-anomers), was evaporated to dryness and followed by treated with 1 N HCl at 190°C for 1.5 h. Then, the aqueous layer was concentrated under reduce pressure and the residue was chromatographied over silica gel using CHCl 3 Preparation of Bis-(R)-MTPA Ester (1b) To a solution of chimyl alcohol (1.0 mg) in dry pyridine (0.4 ml) was added (S)-MTPA chloride (20 ml), and the solution was allowed to stand overnight at room temperature for 16 h. The reaction was quenched by the addition of 1.0 ml of water, followed by extraction with CH 2 Cl 2 (3ϫ1 ml). The CH 2 Cl 2 -soluble layers were combined, dried over anhydrous MgSO 4 and evaporated. The residue was subjected to short silica-gel column using n-hexane-CH 2 Cl 2 (1 : 1) to yield bis-(R)-MTPA ester (1b) (0.2 mg, 8%) in trace amount and the C-1 substituted mono-(R)-MTPA ester was the major product (1.5 mg, 89%). Preparation of MTPA Esters 1c, 1d, 3a and 3b To a solution of 1 (2 mg) in dry acetone (0.3 ml) was added 1,2-dimethoxypropane (0.3 ml) and catalytic amount of CF 3 COOH, and the reaction mixture was stirred at room temperature for 16 h. The mixture was concentrated and divided into two equal portions. One portion was converted to (S)-MTPA ester (1c) (1.5 mg, 73%) with (R)-MTPA chloride (20 ml) and the other was converted to (R)-MTPA ester (1d) (2.0 mg, 97%) with (S)-MTPA chloride (20 ml) according to the procedure of the preparation of bis-(R)-MTPA ester (1b). Conversion of 3b to 1d To a mixture of 3b (1.0 mg) and MeOH (0.3 ml) was added 0.3 ml of 1 N HCl (aq) . The reaction was stirred at 50°C for 4 h. Water (1 ml) was added to the mixture and then extracted with n-hexane (3ϫ2 ml). Hexane layer was concentrated and then dried in vacuum. The residue was redissolved in acetone (0.3 ml), and then subsequently added 1,2-dimethoxypropane (0.3 ml) and catalytic amount of CF 3 COOH. The reaction mixture was stirred at room temperature for 16 h and then concentrated to dryness. The residue was redissolved in dry pyridine (0.4 ml) and added (S)-MTPA chloride (20 ml). The reaction was stirred for another 16 h. The reaction mixture was concentrated and chromatographed over silica gel using n-hexane-EtOAc (8 : 1) as eluent to obtain a diester (0.9 mg, 73%), of which the 1 H-NMR data was consistent with that of 1d. Cytotoxicity Testing Cell lines were purchased from the American Type Culture Collection (ATCC). Cytotoxicity assays were performed using the MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tetrazolium bromide] colorimetric method. 18, 19) 
